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.IV. Defer ipt ions of the King's Wells at Sheernefs, Languard* 
Fort, and Harwich. By Sir Thomas Hyde Page, Knt* 
.<JF. R. &.; communicated by Lieut. Gen. Rainsford, F. R* S* 



Read November 13, 1783* 



LIEUT. GEN. RAINSFORD. 



3 I R, St. Margaret's- Street^ 

7 March *8, 1783. 

I HA D the pleafure to receive your obliging letter of the 
28th ult. mentioning, that it would be fatisfadtory to the 
Royal Society to have a defcription of the wells at Sheernefs, 
Harwich, and Languard-Fort, which were made under my 
dire&ion, whilft I commanded as Engineer at thole places. 

I beg to acquaint you, that it will be neceffary to mention 
fome previous circumftances that occalioned thofe undertakings, 
which will rather interfere with the defcriptive part, and I fear 
intrude on the patience of the Society; but I (hall in this re- 
lpe£t hope for their indulgence, it being my wifli to explain 
the nature of the different operations as fully as poffible, that 
iimilar (ituations, where water is wanted, may receive benefit 
from the experiments I have had the good fortune to fucceed 
in ; and it cannot fail of affording me the higheft fatisfa<5tion to 
have an opportunity of communicating this fubjed: to the 
knowledge of the public through the Royal Society. 

1 I have. 
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I have only further to requeft, that you will do me the ho- 
nour to lay the following defcriptions before Sir Joseph Banks 
and the Society ; and as you are fully acquainted with the fub- 
je£t, you will confer on me an additional favour by explaining 
the feveral parts (if requifite) more fully than I have done ia 
the written account, when it is under coniideration. 

I am, &c. 



Smne ctrcumftances refpeSling the garrifons of Sheernefs, Land- 
guard-Fort, and the Town of Harwich, with a defcription of 
the wells which fupply water for the ufe of the troops , Sec. at 
each place* 

The Mafter-general of the Ordnance (Lord Townshenjd) 
in the beginning of the year 1778, recommended to his Ma- 
jetty, that the fortifications upon the Eaftern Coaft, including- 
Dover, Sheernefs, Landguard-Fort, and fome other places* 
fiiould be repaired, and new works added, where they might 
appear neceffary towards a proper ftate of defence, if a war 
with Holland, or other Northern powers, was found una** 
voidable. His lordfhtp forefaw the great obje&ion to fortifica- 
tions, in the want of frefh water under the command of the 
guns of our garrifons ; and I had dire&ions accordingly to con- 
fider the fubjeft, and report to his lordfliip and the Board o£ 
Ordnance any ideas that might be likely to remedy fo great a 
defe£L 

The dock-yard and garrifon at Sheernefs were fupplied with 
water from Chatham at an enormous expence, near two thou- 
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fand pounds per annum , or occafibnally from Queenboroiigh, 
neither of which fupplies could be continued in cafe of a fiege, 
which of courfe would be of fhort duration from this circum- 
stance. Some attempts had been made in former times to ob- 
tain water on the fpot, by finking wells, but they had failed ; 
and fuccefs in fuch undertakings was at laft coniidered as impof- 
fible, from the great difficulty they had met witti. in the vaft 
quantities of fea- water, that came by filtration through the 
fands into their wells, and rendered a progrefs to any con- 
fiderable depth impracticable. It is probable, that the courfe 
of the river Medway has undergone many changes, and had 
once an out-fall to the fea, near the high ground of the Hie of 
Shepey. The docks, garrifons, buildings, &c. for a confi- 
derable diftance into the ifland, confequently ftand upon very 
loofe materials, which were found, upon finking the well in 
Fort Townfliend, to confift of mud, fea-beach, and quick- 
fand, nearly to the prefent depth of the river Medway, and 
admit fo ftrong a filtration of fait- water, as mufl ever render 
the finking of wells exceedingly difficult. This was the fitua- 
tion in which I found Sheernefs. 

Landguard-Fort was not more eligible refpe&ing water, as a 
place of ftrength. It was, indeed, better fupplied under any 
other confideration, a pipe being laid into the place from a good 
fpring about two miles diftant, which furniihed a plentiful 
quantity of water; but fuch is the difadvantage of fituation 
that, in cafe of attack, that fpring muft fall into the pofieflion 
of the enemy, and our garrifon of courfe would be deprived of 
its ufe. This was a ferious confideration and objection to a 
great extent of fortification, however eligible in other refpe&s 

the place might be, 

a Harwich 
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Harwich was judged by the Commander in Chief (Lord 
Amherst) to be a very proper flation for a coniiderable part 
of the army, in time of war with Holland, as centrical to 
furnifh detachments for fttth parts of the coaft as might be in 
danger, as alfo to cover a very ufeful harbour and increasing 
dock-yard ; but his lordfhip was fenfible of the want of whole- 
fome water in that neighbourhood, and gave particular direc- 
tions to eftablifh fuch a fupply for the camp to be formed 
there, as might appear proper for the health of the troops; 
and the fubfequent orders given by General Raij^seorp, who 
commanded that diftri£t, perfectly anfwered every defirable 
end, until good water was found within his camp. The inha- 
bitants of the town of Harwich had chiefly depended on rains 
for their fupply, the wells being in general brackifti from the 
filtration of falt-water. The neighbourhood, to many miles 
diftance, was not better furnifhed, there being only ftagnating 
water in ponds or fhallow wells, which were fupplied from the 
upper furface of the ground; and, whether rendered bad by a 
mixture of copperas, or other mineral, it was not fuch as could 
be given for the ufe of the troops with any degree of prudence 
or attention to their health, and they were, to avoid dangerous 
confequences, furnifhed with water, by General RainsfordV 
ord er, from the oppofite fide of the Manningtree River, by 
boats employed for that purpofe, the beginning of the firft 
campaign. 

I will now endeavour to defcribe the experiments at each 
place, beginning with the well in Fort Townfhend at Sheer- 
nefs, which with a reference to the plans will, I hope, render 
the fubjed fufficiently intelligible. 

Vol, LXXIV. C King's 
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King's Welly Fort Town/hend, Sbeernefs. 

This undertaking was at firft confidered as a mere experi- 
ment, the probability of fuccefs being much againft it ; I 
however thought the attempt, where a dock-yard of great con- 
fequence to the navy was eflablilhed, fhould be made, and car- 
ried as far as it could, with a proper attention to oeconomy in 
laying out the money of the public. Such was my opinion 
fignified to the Mafter-general and the Board of Ordnance.. I 
received an anfwer thereto, expreffive of approbation, and full 
powers to employ proper perfons, and proceed upon the 
undertaking. 

Thefe previous fteps feemed highly neceflary, as in all works 
of difficulty, great confidence is as much required as able work- 
men or good plans. 

The favourable opinion his Majefiy was gracioufly pleafed to 
exprefs publicly of the project, when he vifited Sheernefs, and 
law the well, tended very much towards its final fuccefs ; and 
the countenance and fupport of General Craig, governor of 
that garrifon, greatly promoted perfeverance in a work of fuch 
difficulty. 

I employed a very ingenious man, Mr. Cole, engine-maker,, 
of Lambeth, as a chief perfon in this bufinefs, and received 
every afiiftance I expected from his experience and judgement in 
mechanics ; and it is but juftice to him to exprefs, that the fuc- 
cefs of the work greatly depended on his attention and the able 
afliftants he procured from diftant parts of the kingdom. 

The greateft acknowledgement is alfo due to the ability of 

Lieut. Humfrys, of the Engineers, and Mr. Marshall, the 

Ordnance-overfeer, who were conftantly on the fpot, and car- 

3 ried 
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ried my orders into execution with the greateft zeal for the 
fuccefs of the undertaking as well as judgement. The men* 
tioning thefe gentlemen's names is, as well as a juftice to their 
conduft, to recommend harmony and mutual exertion in any 
future work of this nature, as, .without an equal attention in 
every one, I ftiould greatly doubt fuccefs, even admitting the 
fame plan to be in all other refpe£ts ftri&ly attended to, as 
there would be great difficulty and danger to the lives of the 
workmen if carelefsly carried on. 

The work was begun the 4th of June, J781, and finished 
the 4th of July, 1782. 

A circle of twenty-two feet diameter was firft marked out 
on the ground, and the fpace excavated to the depth of five 
feet ; after which, pieces of wood, called ribs, upon the curve 
of a diameter twenty-one feet four inches, and about nine 
inches fcantling, were placed, to form a complete circle within 
the excavated part at the bottom, above which other circles 
of the fame nature were placed, and fupported by upright 
pieces of fcantlings, having fliort boards introduced by the in- 
tervals, which afterwards preffed upon the circles or ribs, be- 
tween them and the exterior parts. Thefe, when united, 
formed one frame of wood from the bottom to the top, or 
rather higher than the excavated fpace, and prevented the mud 
of the upper furface, which was very foft, from falling in upon 
the workmen. In proceeding deeper, care was taken to pre- 
vent the finking of the before-mentioned frame by its own 
weight, in excavating parts only under it till another circle of 
pieces like the firft, called ribs, was formed, and uprights, 
with boards behind, introduced. The diftance between thefe 
circles was in the firft, or upper part of the work, about three 
feet ; but as difficulties increafed they were placed nearer, and 

C z in 
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in many parts joined each other without any boards or uprights 
(as will appear in the fe£tton of the plan), and continued 
through the whole of the wooden frame, againft the weight of 
the mud, quick-fand, and fea-beach, to the depth of thirty- 
fix feet. 

The reafon of the circular frames being nearer in forae parts 
than in others, arofe from the greater or lefs quantity of fait- 
water that came through the fands, &c. and often rendered it 
impoffible to fink under the frame more than the thicknefs of 
one of the ribs, without danger of blowing up, or of the fides 
behind the wood flipping with the flreams of water, and thereby 
forcing into the bottom of the well, which in finking through 
very wet quick-fand is much to be apprehended ; and an acci- 
dent of that nature would entirely deftroy the work. An at- 
tention to the plan will fhew at what depths the filtration of 
water was moft dangerous, and the difficulties at different periods, 
may be efiimated by the diffance of the circles, formed of 
ribs, from each other, and where they appear to join, it was 
not without the utmoffc efforts of labour that the work could 
be carried on. At the depth of thirty- fix feet the wood-work 
was finifhed, and fix feet deeper a firm foundation of hard blue 
clay difcovered. The feveral parts of the frame were then 
ftrengthened wherever it appeared neceflary, to prevent fepara- 
tion, and to refifi: the immenfe preffure of foft mud, quick- 
fand, and loofe fea-beach, which were fupported by it. 

Itz-mufi: be obferved, that the fait- water, after proceeding 
thus far, came in very fafl through all the joints of the frame, 
and that holes were left on purpofe in certain parts to let it run 
into the well, that it might not be confined entirely to the 
bottom of the work, which* from the weight upon one part 
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only, might have blown, which is ever (as has been obferved) 
to be guarded againft with the utmoft caution. 

The frame being Found of fufficient ftrength, and the work- 
men able, by conftant drawing with four -36-gallon buckets, 
to keep the bottom of the well dry enough to proceed further, 
the greateft difficulty feemed to be overcome. The next procefs 
was to cut off or flop the falt-water out entirely : to effect 
which, a imaller circle was defcribed at the bottom, of the well, 
upon the hard clay already mentioned, of the diameter of eight 
feet in the clear, round which a curb, or circular frame of 
wood, was laid, and a brick fteening, of two bricks thick in 
tarris, raifed gradually towards the top of the well, whilft, as 
it proceeded upwards, the fpace between the back of this fteen- 
ing and the wooden frame (fixed fix feet higher) was filled with 
good tempered clay, four feet thick, and carefully rammed. 
During this operation, and railing the brick-work, with the clay 
behind it, the water continued to run over them into the center 
of the well, now reduced to eight feet diameter, and was con- 
flantly drawn out, to leave the workmen on the fides fufficiently 
dry to raife their work until they had reached the top, and confe- 
quently, as it was water-tight, cut off the filtration from the 
fea, precautions having been taken to prevent the danger of 
blowing at the bottom. 

The next proceeding appeared more fimple ; but great care 
was ftill neceflary to avoid damaging the foundation of the 
works already done, as the leafi: crack might have again intro- 
duced the falt-water. A fmaller circle than the laft was there- 
fore defcribed, and ribs, forming circles of wood, raifed fome 
feet within the brick- work ; and others, of the fame form,, 
were funk to the depth of eight feet below the bottom, upon 
which the feveral works already defcribed refted. After this a. 

cowrie-. 
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courfe of bricks was carried up within the laft mentioned ribs 
or circles, upon a diameter of fix feet, whereby they became 
inclofed and joined with the fu'ft mentioned brick-work, having 
the clay wall and wooden frame preffing behind them upon 
larger diameters. In finking lower, fmali curbs were at certain 
diflances (as will appear in the fe£tion of the plan) placed to 
fupport the fteening, which confifted of two ftretching courfes 
of bricks, laid feparately, and keyed into the clay or back 
part of the brick-work "by rough pieces of ftone, flint, &c. to 
prevent a flipping or lowering of the fteening by its own 
weight. The work was carried on from this period, without 
any material difficulty or difference in the clay (except the 
very extraordinary difcovery of a piece of a tree at the depth of 
300 feet from the top of the well, which is fhewn in the plan) 
until the appearance of water at 328 feet deep, by a fmall 
mixture of fand in the clay, with oozing of water from it ; 
and at 330 feet deep, upon boring, the" whole bottom of the 
well blew up, and it was with difficulty the workmen efcaped 
the torrents of water that followed them, which was mixed 
with a quick-fand that rofe forty feet in the bottom of the well, 
at which height it ftill remains. The water rofe in fix hours 
1 89 feet, and in a few days within eight feet of the top of the 
well. It has fince been carefully analyzed by a chemift, and 
found perfedtly good for every purpofe ; and, it is prefumed, the 
quantity will be equal to every demand of public and private 
ufe at that place, as there has been, ever fince it was firffc dif- 
covered, a conftant drawing of water, and it has hitherto been 
found impoffible to lower the well more than 200 feet, there 
has confequently always been a depth left in water of 130 feet. 
It is to be remarked, that the water is of a very foft quality, 
End, upon being drawn, has a degree of warmth unufual in 

common 
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common well-water. It remains yet to be determined whence 
that warmth proceeds ; but as it proved wholefome, the cir- 
cujnftance is fortunate for the foldiers of the garrifon, as they 
will not be liable to complaints that are fo frequent among 
troops (as often happens at Dover Caftle) from imprudence in 
drinking great quantities of very cold well-water. 



King's Wells at Landguard-Fort« 

They were begun and finifhed in the year 1782. 

The peculiar fituation of this fort made it very unlikely that 
fpriugs of frefh-water could ever be found, there being great 
reafon to think, that the out-fall of the Ipiwich and Manning- 
tree Rivers, which unite before they reach they fea, was for- 
merly on the Suffolk fide of the fort, but is now on the Eflex 
fide; and as the garrilbn, in ancient writings, is defcrlbed to 
have been built on the Andrew's Sand, there appeared little 
probability of any filtration of water through it, except that of 
the fea. It, however, feemed proper to try the poffibility of 
finking through it, to endeavour to find a hard bottom, fimilar 
to that difcovered at Sheernefs, freflv water being of vait confe- 
quence to the defence of the place. The work was accordingly 
begun ; but about the fame time, in making the excavation of a 
ditch for one of the batteries, at a very few feet from the 
upper furfaee of the fand, a fmall quantity of. frefh-water was 
perceived ; and it was chance that led to a difcovery of its 
frefhnefs, from one of the labourers happening to tafte it. The 

circumftance 
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circumftance was reported to me by Mr. Roberts, the Adjutant 
of the Works ; and we, upon examining further, found that 
the quantity of water upon finking was confiderable, and that 
it appeared perfe&ly frefh. I then ordered the wcll-finkers to 
•proceed to this depth at another place, where they found a 
like appearance of good water ; and the quantity was fo great, 
as to render it very difficult to keep the bottom of the well, at 
twelve feet deep, dry enough to fink further. Every exertion 
was not withftan ding ufed, and with great labour a well was 
funk to the depth of low water mark at fpring tides, about 
eighteen feet from the upper furface of the fand ; when, to the 
furprize of every perfon, the water that rofe from the bottom 
became, on a fudden, entirely fait* This put an end to the 
work for a time, as it feemed impoffible to penetrate deeper. I 
then confidered the matter very differently with my firft idea, 
and though the impoffibility of having a deep well clearly 
appeared, there remained a profpeft of a fufficient fupply of 
good frefh water. It may now be neceffary to recollect, that 
at a very few feet from the furface (eight feet) there was good 
water; that it continued in vaft quantity almoft to the fpring 
tide low-water-mark, after which the falt-water had appeared ; 
I therefore directed land to be thrown into the well, to bring it 
a little above what had been the low eft frefh-water line (twelve 
feet from the upper furface) and then drew the water out which 
had mixed. After this, the filtration into the well became again 
perfectly frefh, "and in equal quantity to the firft appearance. 
This was, therefore, fixed as the greateft depth (twelve feet) 
and another well funk at forty feet diftance, with a horizontal 
brick drain, having holes left in the fides for filtration, as de- 
fcribed in the plan, to colled the water, and the bottoms of 
both wells were fecured with hard materials ; that the whole 
4 fupply 



King's Wells at Sheernefs, &c. 17 

lupply of water might be reduced to the drain, which is con- 
ftru&ed to prevent as much as poffible the mixture of fand 
with the water, and is found to anfwer the defiredend. This 
fuccefs arofe from various unexpe&ed circumftances ; but I am 
yet at a lofs for the caufe of the frefh water, or whence it 
comes. 

I conceive, that there is a certain diftance from the fea, upon 
every fandy fhore, to which the fait- water penetrates, where it 
is forced whilft the tide is at its greateft height ; and that fuch 
water, when fo far prefled into the fands, has an a&ion back 
towards the fea again, as the tide falls, and continues to have it 
until another tide makes it revert ; this may account for the 
filtration of falt-water a certain way into a country ; and that 
further, from probably higher furf aces, there may be frefh- water 
in the fame continuation of fands, and the feparation difco- 
verable to a degree of great accuracy ; whether this a&ion of 
falt-water in the fand, by fri&ion, can render it frefh, or of a 
lefs degree of fait, I will not pretend to judge. I prefume the 
contrary ; but am even under that idea at a lofs to know how 
Jo much frefh water gets into the fand at Landguard-Fort, it 
being fo entirely feparated from the fpring of the country. It 
is evident, upon a full confideration of the fubje&, that the 
fea, to the height of low water, will penetrate a vaft diftancc 
into a fandy country, by filtration, and to that height only, it 
having fo far a conftant preflure, and no re-a&ion ; the water, 
therefore, being once in the fand, can never return by the fame 
paflage, the caufe of its entrance ftill remaining ; whereas in 
the higher furfaces, the rife and fall of tides muft keep it in 
conftant movement, and the diftance of filtration will bear a 
proportion to the duration of preflure which gave it original 
motion. It is probably not fo eafy. to account for a body of 

Vol. LXXIV. D frefh- 
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frefh-water being to the depth of twelve feet in the fand, and 
in the fame line, a few feet deeper, the water fhould be en- 
tirely fait, and that they do not mix together. Whether the 
greater fpecific gravity of the falt-water is fufficient to prevent 
a mixture with the frefh upon a higher line, I cannot venture 
to fay ; but the fa£t of there being a feparation is beyond a 
doubt, and the depths may be afcertained to a degree of 
great accuracy. However this may be accounted for, the 
difcovery at Landguard-Fort is of very great eonfequence ta 
the garrifon ; and there is reafon to think, that in fimilar 
fituations, where water is wanted, an attention to what has 
been already explained may be found of ufe* 



King's Wells at Harwich, 

They were begun the 6th of May, 1781, upon Genera! 
Rainsford*s taking the command at that camp, and finished 
the 29th of September following* 

The wells in this neighbourhood, as has already been ob~ 
lerved, being very fhallow, and only depending on fprings 
from the upper furfaces of the ground, have but little water in 
the fummer, and the quality of it is very bad. The beft of 
the old wells was in the rear of General Rainsford's camp* 
and was thought of at firft for the ufe of the troops ; but he 
prudently declined that fupply. It was imagined, as the water 
from the upper furface was of a bad quality, that the moft 
likely wajf to obtain a better fpring was to fink a well from 
higher ground, and to endeavour to penetrate through a rock 
which lay a few yards under the level of the country, although 
the operation might be tedious, upon the chance of cutting a 

fpring 
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fpring of better water, that might be unconnected with the 
land-drains. The experiment anfwered in every refpect, as 
there was not a drop of water found till the rock had been en- 
tirely cut through, when, upon finding a confiderable quantity 
of moift fand, and boring into it, a plentiful fpring war* Jifco- 
vered, and has fupplied the troops ever fince with very good 
water. It is probable this fupply, the fpring being very power- 
ful, will be found equal to every demand for public and pri- 
vate purpofes, in the dryeft feafons* After this fuccefs, as mat- 
ter of curiofity, an old well was made deeper, by excavating 
through the rocks, where a good fpring was alfo found; but 
as that well had been originally funk from low ground, a great 
deal of the bad water from the upper drains, &c. mixes with 
it, and gives it a difagreeable tafte. 

The plans will defcribe the manner of making thefe wells 
fufficiently, I have chiefly dwelt on the defcriptive part, to 
recommend, where it is apprehended any mineral or drain from 
the upper furface of lands, by mixing in wells, may hurt the 
water, the finking from the heights, as there are few coun- 
tries where very good water may not be found, by a proper 
attention to locality in making wells. 

EXPLANATION OF THE -PLATES, 

Tab. I. fig. 1. Seftion of the King's Well in FortTownfliend 
at Sheernefs. 

2. Plan of the frame and well. 

3. Se&ion of the frame A A. 

4. Plan of the well. 
Tab. II. X. Line of high- water mark. 

Y. Line of low-water mark, 

Z. Line of low- water at fpring-tides* 
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